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i54) BORDN PHOSPHIDE SEMICONDUGTOff? LED AND ITS MAWUFACTUI^NG METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem that when a light emitting part 
is formed that uses as a barrier layer a Jow-^resistance n^type or p-type boron 
phosphide semiconductor layer for an LED having a boron phosphide 
semiconductor layer as a configuration layer, a current for activating the device, 
which is induced by good electrical conductivity of the barrier layer, moves from 
the feeding point to the barrier layer onto the light emitting layer in a way of a 
short. 

SOLUTION: A boron phosphide semiconductor LED provided with a light emitting 
part with a DH structure is so adapted that its first barrier layer has a refractive 
index larger than that of a III group nitride semiconductor making up a light 
emitting layer and is comprised of an indirect transition-type boron phosphide 
semiconduetor of a first conduction type to which imipur^ies are added that 
produce a second conduction type, and its second barrier layer has a refractive 
index larger than that of the group III nitride semiconductor making up the light 
emitting layer and is comprised of an indirect transition- type boron phosphide 
semiconductor of the second conduction type to which impurities are added that 
produce the first conduction type. 
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^ NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of th i s trans I at j on. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. ***5J« shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



GLAIMS 



iQlaimfs)] 

[Glaim I^T^he 1st barrier layer th^ condsts of a Lynn-ized boron system semiconductor layer of the 1st conduction type 
on the surface of a crystal substrate, A luminous layer which consists of a group III nitride semticonductor layer o^ the 1 st 
or 2nd conduction type, In the Lynn-ized boron system semiconductor light ert^itting diode provided Awith a Hght-^emitting 
part of a pn junction type double different-species (double hetero) structure where the 2nd barrier layer that consists of 
a Lynn-izeol boron system semiconductor layer of the 2nd conduction type was laminated one by one, and was 
constituted, The ist barrier Jayer has a refractive index more than a group III nitride semiconductor which constitutes a 
luminous layer, And it comprises a indirect transition type Lynn-ized boron system semiconductor of the 1st conduction 
type that added an impurity which brings about the 2nd conduction type, The Lynn-ized boron system semiconductor 
light emitting diode comprising a indirect transition type Lynn-ized boron system semiconductor of the 2nd conduction 
type that added an impurity in which the 2nd barrier layer has a refractive index more than a group 111 nitride 
semiconductor which constitutes a lurriinous layer, and brings about the 1st conduction type. 

[Claim 2]The 1 st conduction type a n type impurity which brings about the 2nd conduction type that the 2nd conduction 
type is an n form in p form, and is added to the 1 st barrier layer An II group of a periodic table of the elements. The 
Lynn-ized boron system semiconductor light emitting diode according to claim 1 using as an II group or an IV group 
element p type impurities which bring about the 1st conduction type that is used as group IV or a VI group element, and 
is added to the 2nd barrier layer. 

[Claim 3]The 2nd conduction type is a p form in n form, and the 1st conduction type uses as an II group of a periodic 
table of the elements, or an IV group element p type impurities which bring about the 2nd conduction type added to the 
1st barrier layer, And the Lynn-ized boron system semiconductor light emitting diode according to claim 1 using as an II 
group, group IV, or a VI group element a n type impurity which brings about the 1st conduction type added to the 2nd 
barner layer. 

[Claim 4]The Lynn-ized boron system semiconductor light emitting diode according to claim 2 or 3, wherein a n type 
impurity is at least one sort chosen from silicon (Si), tin (Sn), sulfur (S), selenium (Se), a tellurium (Te), and magnesium 
(Mg). 

[Claim 53The Lynn-ized boron system semiconductor light emitting diode according to claim 2 or 3, wherein p type 
impurities are at least one sort chosen from carbon (G), silicon (Si), beryllium (Be), zinc (Zn), cadmium (Gd), and mercury 
(Kg). 

[Claim 6]The Lynn-ized boron system semiconductor light emitting diode given in any 1 paragraph of Claims 1-5, wherein 

17 -3 18 -3 

carrier concentration of the 1st barrier layer and the 2nd barrier layer is the range of 5x10 cm -5x10 cm . 
[Claim 7]The 1st barrier layer that consists of a Lynn-ized boron system semiconductor layer of the 1st conduction type 
on the surface of a crystal substrate by the organometal chemistry gaseous phase depositing (MOCVD) method, A 
luminous layer which consists of a group III nitride semiconductor layer of the 1st or 2nd conduction type, . Laminate the 
2nd barrier layer that consists of a Lynn-ized boron system semiconductor layer of the 2nd conduction type one by one. 
In a manufacturing method of the Lynn-ized boron system semiconductor light emitting diode provided with a 
light-emitting part of a pn junction type double different-species (double hetero) structure, A process of adding an 
impurity which consists of indirect transition type Lynn-ized boron system semiGonductors of the 1st conduction type 
that has a refractive Index more than a group III nitride semiconductor which constitutes a luminouis layer for the 1st 
barrier layer, and brings the 2nd conduction type to this 1 st barrier layer, It constitutes from a indirect transition type 
Lynn-ized boron system semiconductor of the 2nd conduction type that has a refractive index more than a group III 
nitride semiconductor which constitutes a luminous layer for the 2nd barrier layer, And a manufacturing method of the 
Lynn-ized boron system semiconductor light emitting diode possessing a process of adding an impurity which brings the 
1st conduction type to this 2nd barrier layer. 

[Claim 8]The 1st conduction type a n type impurity which brings about the 2nd conduction type that the 2nd conduction 
type is an n form in p form, and is added to the 1 st barrier layer An II group of a periodic table of the elements, A 
manufacturing method of thie Lynn-ized boron system semiconductor light emitting diode according to claim 7 using as an 
II group or an IV group element p type impurities which bring about the 1st conduction type that is used as group IV or a 
VI group element, and is added to the 2nd barrier layer. 

[Claim 9]The 2nd conduction type is a p form in n form, and the 1 st conduction type uses as an II group of a periodic 
table of the elements, or an IV group element p type impurities which bring about the 2nd conduction type added to the 
1st barrier layer. And a manufacturing method of the Lynn-ized boron system semiconductor light emitting diode 
according to claim 7 using as an II group, group IV, or a VI group element a n type impurity which brings about the 1st 
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conduction type added to the 2nd barrier layer. 

[Glaim 1(3 A manufacturing method of the Lynn-ized boron system semiconductor light emitting diode according to claim 
8 or 9, wherein a n type impurity is at least one sort chosen from silicon (Si), tin (Sn), sulfur (S), selenium (Se), a tellurium 
(Te), and magnesium (Mg). 

iGlaim 1 1]A manufecturing method of the Lynn-ized boron system semiconductor light emitting diode according to claim 
8 or d, wherein p type impurities are at least one sort chosen from carbon (G^, sHieon S&i), -beryllium (Be), zinc (Zn), 
cadmium (Cd), and mercury (Hg). 

[Glaim 12]A manufacturing method of the Lynn~ized boron system semiconductor light emitting diode given in any 1 
paragraph of Glalms 7-11 to which carrier concentration of the 1 st barrier layer and #ie 2nd barrier layer is characteriz 

17 ~3 18 -3 

by being lihe range of 5x10 -5x10 cm . 



iDrrandation done J 
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[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the Lynn-ized boron system senlioonductor iliight emitting diode provided 
with the light-em itting part of a pn junction type douy e difFerent-speGies (double heterp) structure which ^comprises the 
1st and 2nd barrier layers that consist of a LynnHzed boron system semiconductor layer, and a iluminous ^^^^ 
consists of group III nitride semiconductor layers, and its manufacturing method. 

mom 

^Description of the Prior ArtlGonventionatlly, the Lynn--:ized boron ^jystem sembonduGtor layer Which corrtaiins boron (B) 
and Lynn (P) as a composing element is used for the stratum f unctionale for constituting various light emitting devices. 
For example, the Lynn-ized boron (BP) of a monomer typical as a Lynn-ized boron system semiconductor is in a blue 
laser diode (LD), It is used as a contact (contact) layer for forming the ohmic (Ohmic) electrode of p form with low 
contact resistance (refer to JP^H1 0-^242567,/9. It is used as a buffer layer for constituting the light emitting diode (LED) 
which brings about luminescence of short wavelength, such as near-ultraviolet or blue (refer to U.S. Pat. No. 6,069,021 
item), n form of wideband gap (wide bandgap) nature and the Lynn-ized boron layer of p form which make the band gap in 
a room temperature about 3 electron volts (unit: eV) are used as a barrier (ckd) layer which constitutes the 
light-emitting part of different-specjes (hetero) joining structure. 

100033<>onventlonai|y, on the substrate which consists of single crystal materials, the Lynn-^ized boron system 
semiconductor layer for constituting a light emitting device mainly depends on a vapor-phase-epitaxy means, and is 
formed. In a substrate material, for example A silicon (Si) single crystal (silicon) (refer to the above-mentiohed U.S. Pat. 
No. 6,069,021 item) and silicon carbide (SIC) (refer to JP,H10-242569,A), Gallium phosphide (GaP) (refer to 
JP,H10-242568,A) and gallium nitride (GaN) (refer to JP,H10-247745,A) are found, moreover — as a 
vapor-phase-epitaxy means — hydride (hydride) vapor phase growth (J. ^ Crystal Growth — 25/25 (1974^ f?efer to 
the 193-196 page or the organometal chemistry gaseous phase depositing (MOCVD) method (InstPhys.Conf.Sen and 
No.129 (refer to lOP Publishing Ltd. (UK, 1993) and 157-162 pages) is indicated.) 

[0004] For example, if it depends on a hydride vapor-phase-epitaxy means, although it will be influenced by conditions, 
such as forming temperature, it is carried out that any Lynn-ized boron layer of n form or the conduction type of p form 

20 -3 21 -3 

can grow. And it is supposed that n form Lynn-ized boron layer of 8x10 cm or 2x10 cm and high carrier 

19 -3 

concentration is obtained for example. For example, the p type layer of the low resistance of 5 - 8x10 cm is also 
obtained (refer to above-mentioned J.Grystal Growth, 25/25 (1974), and 1 93-196 pages). The Lynn-ized boron system 
semiconductor material of low resistance can be suitably used, for example as a contact layer for ohmic eleGtrodes with 
this high carrier concentration. 
[0005] 

:[Problem(s) to be Solved by the Inventionjln the light emitting diode which, on the other hand, uses the Lynn-ized boron 
system semiconductor layer as a composition layer, If the light^emitting part which uses n form of the above low 
resistance or the Lynn-ized boron system semiconductor layer of p form as a barrier (clad) layer is formed, a cause is 
carried out to the good conductivity of a barrier layer, and the current (element operating current) for operating an 
element may circulate from the feeding point simplistically to a barrier layer and a luminous layer. If simplistic circulation 
of such element operating current occurs, it will not come to make the whole field of a luminous layer diffuse element 
operating current uniformly, and luminescence will become [ being obtained from the fl^ld where **** limitation of / near 
the feeding point / was carried out, and |. That is, if it does not come to obtain luminescence but it is spread from a 
luminous layer at large, it has interfered with obtaining the light emitting diode of high luminescence intensity. 
[0006]This invention is what was made that the problem in the above-mentioned conventional technology should be 
conquered, In a light emitting diode, the composition of the light-emitting part which used for the barrier layer n form or 
the Lynn-ized boron system semiconductor layer of p form conductivity which has career (electron or electron hole) 
concentration convenient for diffusing element operating current uniformly superficially is shown. The Lynn-ized boron 
system semiconductor light emitting diode provided with the light-remitting part which consists of composition which can 
diffuse luminescence optically simultaneously Is provided. 
[0007] 

[Means for Solving the ProblemjNamely, the 1 st barrier layer which this invention becomes from the LynnHzed boron 
system semiconductor layer of the 1st conduction type on the surface of (1) crystal substrate, A luminous layer which 
consists of a group III nitride semiconductor layer of the 1st or 2nd conduction type. In the Lynn-ized boron system 
semiconductor light emitting diode provided with a light-remitting part of a pn junction type double different-species 



jP,20G:^-282941,A [DETAILED DESCRIPTION] 



2/7 



(double hetero) structure vw'here the 2nd barrier layer that consists of a Lynn-ized boron system semiconductor layer of 
the 2nd conduction type was laminated one by one, and was constituted. The 1 st barrier ilayer has a refractive index 
more than a group HI nitride semiconductor which constitutes a luminous layer, And it comprises a indirect transition type 
Lynn-ized boron system semiconductor of the 1st conduction type that added an impurity which brings about the 2nd 
conduction type, The Lynn-ized boron system semiconductor light emitting diode comprising a indirect transition ^^^^^^ 
LynnHzed boron system semiconductor of the ;2nd conduction type that added an impurity in which the 2nd barrier layer 
has a refractive index more than a group 111 nitride semiconductor which constitutes a luminous layer, and brings about 
the 1 st conduction type. 

The tst conduction type a n type impurity which brings about the 2nd conduction type that the 2nd conduction type is 
an n form in p form, and is added to the 1st barrier layer (2) An II group of a periodic table of the elements, The 
Lynn-^ized boron system semiconductor light emitting diode given in the above (1 ) using as an 11 group or an IV group 
element p type impurities which bring about the 1 st conduction type that is used as group IV or a VI group element, and 
is added to the 2nd barrier layer. 

;(3) The 2nd conduction type is a p form in n form, and the 1st conduction type uses as an H group of a periodic table of 
the elements, or an IV group element p type impurities which bring about the 2nd conduction type added to the 1st 
barrier layer. And the Lynn-^jzed; boron system semiconductor light emitting djode given in the above (1) using as an 11 
group, group IV, or a VI group element a n type impurity which brings about the 1 st conduction type added to the 2nd 
barrier layer. 

(4) The above (2), wherein a n type impurity is at least one sort chosen from silicon (Si), tin (Sn), sulfur (S), selenium (Se), 
a tellurium (Te), and magnesium (Mg), or the Lynn-ized boron system semiconductor light emitting diode given in (3). 

(5) The above (2), wherein p type impurities are at least one sort chosen from car^bon (C), silicon (Si), beryllium (Be), zinc 
(Zn), cadmium (Gd), and mercury (Hg), or the Lynn-ized boron system semiconductor light emitting diode given in (3). 

(6) The above (1) for which carrier concentration of the 1st barrier layer and the 2nd barrier iayer is characterized by 

17 -3 18-3 

being the range of 5x1 G cm - 5x10 cm thru/or the Lynn-ized boron system semiconductor light emitting diode 
given in any 1 paragraph of (5). 

(7) The 1st barrier layer that consists of a Lynn-ized boron system semiconductor layer of the 1 st conduction type on 
the surface of a crystal substrate by the organometal chemistry gaseous pihase depositing (MOCVD) method, A luminous 
layer which consists of a group III nitride semiconductor layer of the 1 st or 2nd conduction type, . Laminate the 2nd 
barrier layer that consists of a Lynn-ized boron system semiconductor layer of the 2nd conduction type one by one. In a 
manufacturing method of the Lynn-ized boron system semiconductor light emitting diode provided with a light-emitting 
part of a pn junction type double different-species (double hetero) structure, A process of adding an impurity which 
consists of indirect transition type Lynn-ized boron system semiconductors of the 1 st conduction type that has a 
refractive index more than a group III nitride semiconductor which constitutes a luminous layer for the 1 st barrier layer, 
and brings the 2nd conduction type to this 1 st barrier layer. It constitutes from a indirect transition type Lynn-ized boron 
system semiconductor of the 2nd conduction type that has a refractive index more than a group HI nitride semiconductor 
which constitutes a luminous layer for the 2nd barrier layer, And a manufacturing method of the Lynn-ized boron system 
semiconductor light emitting diode possessing a process of adding an Impurity Which brings the 1 st conduction type to 
this 2nd barrier layer. 

The 1st conduction type a n type impurity which brings about the 2nd conduction type that the 2nd conduction type is 
an n form in p form, and is added to the 1st barrier layer (8) An II group of a periodic table of the elements, A 
manufacturing method of the Lynn-ized boron system semiconductor light emitting diode given in the above (7) using as 
an II group or an IV group element p type impurities which bring about the 1st conduction type that is used as group IV or 
a VI group element, and is added to the 2nd barrier layer. 

(9) The 2nd conduction type is a p form in n form, and the 1 st conduction type uses as an II group of a periodic table of 
the elements, or an IV group element p type impurities which bring about the 2nd conduction type added to the 1st 
barrier layer. And a manufacturing method of the Lynn-ized boron system semiconductor light emitting diode given in the 
above (7) using as an II group, group IV, or a VI group element a n type impurity which brings about the 1st conduction 
type added to the 2nd barrier iayer. 

(10) A manufacturing method of the Lynn-ized boron system semiconductor light emitting diode the above (8), wherein a 
n type impurity is at least one sort chosen from silicon (Si), tin (Sn), sulfur (S), selenium (Se). a tellurium (Te), and 
magnesium (Mg), or given in (9). 

(1 1 ) A manufacturing method of the Lynn-ized boron system semiconductor light emitting diode the above (8), wherein p 
type impurities are at least one sort chosen from carbon (C), silicon (Si), beryllium (Be), zinc (Zh). cadmium (Cd), and 
mercury (Hg), or given in (9). 

(1 2) A manufacturing method of the Lynn-ized boron system semiconductor light emitting diode the above (7) for which 

17 -3 

carrier concentration of the 1:st barrier layer and the 2nd barrier layer is characterized by being the range of 5x1 0 cm 
18 -3 

- 5x10 cm thru/or given in any 1 paragraph of (1 1). It comes out. 
[00083 

[Embodiment of the Invention]. With the Lynn-^ized boron system semiconductor of this invention, include boron and Lynn 

as a composing element, for example, Bgip^^galuminum^^^^Gag^^^^In^.glpha _ beta - gammaPl-delta^^delta ®< alpha<=1, 
0<=beta<1, 0<=gamma<1, 0<a!pha+beta+gamma<=1, G<=delta<1) — moreover — for example, It is 
Balpha^^^n^^'^^'^betaG^gammal^l -alpha - b^^^ 

G<alpha+beta+gamma<=1 . 0<=deita<1 ). With the light-emitting part which consists of double different-species (double 
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;h0tera:DH) structure crf^ this invehtion/lt^^^ a part which bears luminesGence of a light emitting diode which has the ipn 
junction of the double hetero structure which comprises a iuminous layer which consists of a group HI nitride 
semiconductor layer pinched by the two-layer barrier layer and these barrier layers which consists of an n form and a 
Lynn-ized boron system semiconductor layer of p form. In this invention, the thing of the 2nd conduction type of the 1st 
barrier layer and another side is ^sailed the 2nd barrier layer for the thing of one 1st conduction type between two barrier 
layers which do the operation "confines" a career in a luminous layer. The 1st conduction type and 2nd conduction type 
are mutually reverse. For example, if the 1 st conduction type is used as n form, the 2nd conduction type will be a p form. 
If the 1st conduction type is used as p form, the 2nd conduction type will tje an n form, the conduction type of the 
Lynn-ized boron system semiconductor layer — the usual hole (Hall) evaluation-of-efFectiveness method or 
capacity-voltage (C-V) — it depends on law etc. and can distinguish. 

[00G9]The 1 st and 2nd barrier layers and luminous layers concerning this invention depend on vapor-phase-epitaxy 
means, such as the MOCVD method, and can be formed. It is in a MOCVD vapor-^phase-repitaxy means, and 750 ** - 
1 200 ** are suitable as growing temperature of the Lynn-ized boron system semiconductor layer. In the elevated 
temperature over 1200 **, since polymer LynnHzed boron, such as BgP and B^ 3P2, becomes is easy to be formed, it 
becomes -inconvenient for obtaining the Lynn-ized boron system semiconductor layer homogeneous in presentation (J. 
refer to Am.Ceramic Soc, 47 (1) and (1964), 44 - 46 pages). In the LynnHzed feoron system semiconductor layer, the low 
resistive layer which fully has conductivity in the undoped state can be formed. However, suppose that the Lynn~ized 
boron system semiconductor layer which has the carrier concentration which adds the impurity with which the career 
Which exists at high concentration can be compensated electrically (compensation) (doping, and for whiidh it dares to be 
suitable as a barrier layer in the undoped state is obtained in this invention. To n form Lynn-ized boron system 
semiconductor layer, the impurity made to generate the acceptor (acceptor) is specifically added, the donor (donor) Who 
exists so much in the state of undoped (undope) is compensated electrically, and the n type semiconductor layer of the 
carrier concentration for which it asks is obtained. The impurity made to generate a donor is added to p form Lynn-ized 
boron system semiconductor layer, the acceptor which exists so much in the undoped state is compensated electrically, 
and the p type semiconductor layer of the carrier concentration for which it asiks is obtained. That is, the impurity which 
brings about conduction type (= the 2nd conduction type) contrary to the 1st conduction type is added, and the 
Lynn-ized boron system semiconductor layer of the 1st conduction type to which carrier concentration was reduced is 
obtained. The impurity which gives conduction type (= the 1st conduction type) contrary to the 2nd conduction type is 
doped, and the Lynn-ized boron system semiconductor layer of the 2nd conduction type to which carrier concentration 
was reduced is obtained. However, even if it dopes an impurity, the original conduction type of the Lynn-ized boron 
system semiconductor layer is not changed. 

fOOICflln this invention, the carrier concentration of using preferably as the 1st or 2nd barrier layer is the Lynn-ized 

17 -3 18 -3 

boron system semiconductor layer of the range of 5x10 cm - 5x10 cm . First of all, the necessity of compensating 
this as the concentration of the career which remains in the undoped state is high concentration, and doping a lot of 
impurities for considering it as low carrier concentration lis imminent. If an impurity is doped so much exceeding solubility, 
generating of the sludge which becomes considering the impurity as a subject will be caused, and it will become 
inconvenient for obtaining the Lynn-ized boron system semiconductor layer which is excellent in surface surface 
smoothness. Therefore, a best policy carries out doping of the impurity concerning this invention under the film formation 
condition of the Lynn-ized boron system semiconductor layer from which the comparatively low Lynn-ized boron system 
semiconductor layer of carrier concentration is primary y dbtained in the undoped state. If it carries out from viewpoints 
6f the ease of control of the doping quantity of an -impurity, etc., the film formation condition which gives the carrier 
18 -3 19 -3 

concentration about 5x1 0 cm - 5x10 cm about in the undoped state is preferred. The carrier concentration of 
the Lynn-ized boron system semiconductor layer in a undoped state is changed depending on the forming temperature 
and the feeding ratio in the case of growth of the Lynn-ized boron system semiconductor layer, and what is called a V/III 
ratio. Especially the carrier concentration can depend on change of forming temperature, and can be changed a lot. The 
forming temperature which obtains the desirable carrier concentration in the above-mentioned undoped state is 1000 ** 
**25 in general in boron triethyl (C2H5) (3B) / phosphine (PH3) / hydrogen (Hg) system-of-reaction ordinary pressure 
MGCVD means, irrespective of the existence of doping, the carrier concentration of the Lynn-}zed boron system 
semiconductor layer depends on a usual -Hall effect measuring method or the G-V method etc., and can be measured. 
[001 1]As a typical n type impurity, there is an element belonging to group IV and the VI group of a periodic table of the 
elements to the Lynn-ized boron system semiconductor layer. For example, silicon (Si) and tin (Sn) can be illustrated as 
an IV group element, and sulfur (S), selenium (Se), a tellurium (Te), etc. can be illustrated as a VI group element. An IV 
group element like the Lynn-ized boron system semiconductor about a group III-V semiconducter. It is supposed that it 
works as a both sexes (amphoteric) impurity (Ikoma intelligent refer to collaboration, "a guide to basic physical properties 
of a compound semiconductor" (September 10, 1 991, BaifUkan Issue First edition), and 35 pages. Tosh iaki Ikoma). for 
making an IV group element act as a n type impurity — the forming temperature of the Lynn-ized boron system 
semiconductor layer — about 1000 or less — a good result will be obtained if it is low temperature comparatively. It is 
in Lynn-ized boron (BP) typical as a Lynn-ized boron system semiconductor, and magnesium (Mg) which is a group II 
element is used as an impurity which brings about the LynnHzed boron semiconductor layer of n form. Mg added at the 
time of the vapor phase epitaxy of the Lynn-ized boron semiconductor layer is based on forming boron and a volatile 
compound, and generates the hole (vacancy) of a lot of boron in a same layer. It depends on a phosphorus atom 
occupying this boron hole, and n form career (donor) is generated as a result. 

[001 2]As typical p type impurities, there is an element belonging to the II group and group iV of a periodic table of the 
elements to the Lynn-ized boron system semiconductor layer. For example, carbon (0) and silicon (Si) can be illustrated 
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as an IV group element. In order to be in the IV group element whidh is an amphoterlo and to obtain the operation as p 
type impurities, it is suitable to make forming temperature of the Lynn^ized boron systiem semiGonductor layer ^rvto the 
elevated temperature over about 1000 **. Beryllium (Be), zinc (Zn), cadmium (Cd), and mercury (Hg) can be illustrated as 
a group II element. These group II elements become convenient for avoiding generating of the donor ingredient based on 
the phosphorus atom which cannot form boron and a volatile compound easily, therefore occupies a boron hole unlike 
magnesium (Mg). In the Lynn-ized boron system semiconductor layer of the 1st or 2nd eonduction type, two or more 
sorts of impurities which bring about the 2nd or 1st conduction type, respectively may be added. It is more important 
than the kind of impurity to make the range suitable as the above-mentioned barrier layer store carrier concentration. 
■[001 3]ln addition, suppose making carrier concentration into the range suitable as the above-mentioned barrier layer that 
a barrier layer is constituted fi^om a Lynn-ized boron system semiconductor jayer of a refractive index higher than the 
group in nitride sBmicondubtor whidh m^kes a luminous layer by this invention. This compodtion found from the refi^active 
index pinches the luminous layer of a big refractive index by the barrier layer of a smaller refractive index. It differs from 
the composition of the conventional light-emitting part which presupposes at a luminous layer lumSnescenGe is shut up 
tip (refer to the Teramoto '^semiconductor device introduction" (March 30, 1995, Baifukan Issue First edition), and 

125 pages). If it depends on the composition of this invention, will make the suitable range store the carrier concentration 
of a barrier layer, will control conductivity, and clrcuktion of the simplistic element operating current to a luminous slayer 
will be barred, and you depend on the size relation of a refractive index, and are made to extend luminescence of a 
luminous layer superficially. That is, a luminous region can be extended and it becomes convenient for obtaining LED with 
high luminescence intensity. The refractive index of gallium nitride (GaN) and indium nitride (InN) to make the gallium 
nitride indium (Ga^In-j^xNiO <=X <=1) incidentally used for bringing about luminescence of short wavelength from the 
former respectively, It is 2.5 and 2.9 (refer to the above-mentioned "semiconductor device introduction" and 28 pages). 
[0014]The probability of the radiative recombination of a transited [ indirectly ] type semiconductor is extraordinarily low 
as compared with transited [ directly ] type it (refer to the above-mentioned "semiconductor device introduction". 111 - 
112 pages). Therefore, the luminous intensity emitted even If it is insufficient "to shut up" up of luminescence to a 
luminous layer from the relation of a refractive index and the career of a ******** barrier layer is excited becomes very 
weak. That is, if a barrier layer is constituted from a transited [ indirectly ] type Lynn-ized boron system semiconductor 
layer, secondary luminescence other than luminescence from the luminous layer for which It asks can be controlled, and 
the advantage which can constitute LED which brings about luminescence which is excellent in monochromatioity will be 
born. For example, n form or the Lynn-^ized boron (BP) of p form and a BAIP mix crystal, a BGaP mix crystal, a BNP mix 
crystal, or a BAsP mix crystal can be Illustrated as a transited [ indirectly ] type Lynn-ized boron system semiconductor 
material which becomes suitable to constitute a barrier layer. The Bq ^plnQ ^qP mix crystal etc. Which make #ie mixed 
crystal ratio of BP not less than 90% can be illustrated. The refractive Index (eta) of Lynn-ized boron and the wavelength 
dependency of an extinction coefficient (kappa) which were acquired using the general spectrum ellipsometer are 
Illustrated to drawing 1 . The refractive index (=eta) of the Lynn-ized boron layer In the wavelength of 450.3 nm Is 3.12, 

-3 

and the extinction coefficient (=^kappa) has become 2.93x10 . moreover — the grating constant of the LynnHzed boron 
of a sphalerite crystal form is about 4.538A (refer to the above-mentioned "semiconductor device introduction" and 28 
pages) — gallium nitride (GaN: grating constant **4.510A) of a cubic sphalerite type [ it ] — abbreviated — it is 
equivalent. From this, if a barrier layer is constituted from a BP layer of a monomer, a good GaN system luminous layer 
with few crystal defects based on lattice misfit can be brought about. 

[0015]As for a barrier layer, it is more desirable than the group III nitride semiconductor which makes a luminous iayer to 
constitute 0.1 eV or more of band gaps from a Lynn-ized boron system semiconductor layer preferably made into 0.2-eV 
or more size. For example, the example which constitutes a barrier layer from a Lynn-ized boron layer of the monomer of 
the 1st or 2nd conduction type that sets the band gap in a room temperature to about 3.0 eV can be given to the 
luminous layer which consists of a gallium nitride indium (GalhN) mix crystal which sets the band gap in a room 
temperature to 2.7 eV. The advantage which can constitute the barrier layer which serves as a convenient window 
(window) layer is to penetrate luminescence from a luminous layer from the big Lynn-ized boron layer of such a band gap 
to the exterior. (C^Hg) 3B/PH3/H2 system-of-reaction ordinary pressure MQGVD method, and BP layer of 

wideband gap nature can be formed by ****(ing) and choosing membrane formation speed and a V/flll ratio like the above- 
The band gap of the transited [ indirectly ] type Lynn-ized boron system semiconductor is called for using the 
wavelength dependency of the product value (= 2 and eta-^kappa) of a refractive index and an extinction ooefficient 
("m-^V feliows semiconductor mixed crystal" (Showa 63(1 988) October 25, Corona Publishing Issue First edition 1st 
printing) refer to 83 - 90 pages). 

[0016]The Lynn-ized boron system semiconductor layer concerning this invention is provided on the substrate NWhich 
consists of single crystals. As a single crystal material which can be used as a substrate, oxide single crystals, such as 
silicon (silicon), gallium phosphide (GaP), gallium arsenide (GaAs), gallium nitride (GaN), and sapphire (alpha-aluminum 2O3 
single crystal), can be illustrated. Although the direction of the crystal face which makes the surface of a substrate is 
unquestioned, it is preferred that it is the crystal face orientation where it is exposed of the crystal face or the crystal 
face which is in agreement with the interval of the crystal face which constitutes the Lynn-ized boron system 
semiconductor layer which makes the 1 st barrier layer intersects the surface. If a conductive substrate is used, an ohmic 
nature electrode can be formed in the rear face of a substrate, and LED can be constituted simple. As a 1st embodiment 
of this invention, the {1 1 1 j-silicon single crystal of p form which m^kes the surface {11 1} crystal faces is used as a 
substrate. The 1 st barrier layer that becomes the surface from p form Lynn-ized boron which sets a refractive index to 
3.1, The luminous layer which consists of transited [ directly ] type GaInN which sets a refractive index to 2.6, and the 
2nd barrier layer that consists of n form Lynn-ized boron which sets a refractive index to 3.1 are made to laminate one 
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by one, and the example Whieh constitutes the light'-emitting part of pn junction type DH structure from these each class 
can be given. 

[001 7]The 1 st barrier layer that consists of a p form Lynn-ized boron layer which doped silicon, depended on the electric 
compensation effect, and adjusted carrier concentration to the above-mentioned suitable range on p form silicon single 
crystal board as an example of a 2nd embodiment of this invention. An n form Gax^n|_>||rN luminous layer and the 2rjd 
barrier layer that consists of an n form Lynn-ized boron layer vvhich doped beryllium (Be) and was stored by the suitable 
range in carrier concentration are made to laminate one by one, and the example which constitutes a light-emitting part 
from those layers can be given. 

[0018]The 1st barrier layer that consists of an n form Lynn-ized boron layer which doped zinc, depended on the electric 
compensation effect, and adjusted carrier concentration to the above-^mentloned suitable range on the conductive silicon 
single crystal board of n form as an example of a 3rd embodiment of this invention. An n form GaxIn ^_xN luminous layer 

and the 2nd barrier ^l^^r that consists of a p form Lynn-ized boron layer which doped tin (Sn) and was stored by the 
suitable range in carrier concentration are made to laminate one by one, IThe example which constitutes a light-emitting 
part, arranges an ohmic (Ohmic) electrode and constitutes LED from those layers a substrate rear and on the 2nd barrier 
layer can be given. 
[0019] 

[Function]The 1st barrier layer that consists of a Lynn-ized boron system indirect semiconductor layer of the 1st 
Conduction type that added the impurity of the 2nd conduction type opposite to the 1st conduction type, and adjusted 
carrier concentration moderately. Or the 2nd barrier kyer that consists of a Lynn-ized boron system indirect 
semiconductor layer of the 2nd conduction type that added the impurity of the 1st conduction type opposite to the 2nd 
conduction type, and adjusted carrier concentration moderately, Element operating current is circulated isotropic and it 
has the operation which controls simplistic circulation to the luminous layer which is directly under the feeding point of 
element op e rating curre ht. It has the operation which controls secondary luminescence from other than a luminous layer. 
[0020] 

[Example](The 1 st working example) In the 1st working example, the case where LED1 A possessing the light-emitting ;part 
of pn junction type DH structure which has the section structure shown in drawing 2 is produced is made into an 
example, and the contents of this invention are explained concretely. 

[0021 Jin constituting LED t A, silicon (Si) single crystal which has p{1 1 1} of type crystal face with a boron (B) dope was 
used for the substrate 101. the surface top of the substrate 101 — __ buffer layer 102 including boron and Lynn 

was grown up at 450 ** by the 3B/PH3/H2 system-of-reaction ordinary pressure (abbreviated atmospheric pressure) 
MOCVD method. The thickness of the buffer layer 102 could be about 20 nm. 

[0022]lt depended on the above-mentioned MOCVD means, and p form Lynn-ized boron (BP) layer of a silicon (Si) dope 
was made to lammate at 1000 ** on the buffer kyer 102 as the 1st biarrier layer 103 of the 1 st conduction type (the 1st 

working example p form). Disilane (S!2Hg)-hydrogen mixed gas was used for the raw material of silicon. Silicon which is an 

amphoteric was doped to the 1st barrier layer 103 as an impurity which gives the 2nd conduction type (the 1 st working 
example n form) in order to still act as donor impurities at the temperature of 1000 **. the carrier concentration (mainly 
hole concentration) of undoped p form Lynn-ized boron layer into which the addition of silicon was grown up at 1000 

18 -3 

— about — taking an example by being 8x10 cm — about - — it adjusted so that the carrier concentration (mainly 

18 -3 

concentration of electrons) of 5x10 cm might be given. Therefore, the effectual carrier concentration of the 1st 

18 -3 

barrier layer 1 03 became abbreviation 3x10 cm . The thickness of the 1st barrier layer 103 could be about 320 nm 
which gives the reflectance of about 40% to the blue glow which shall be about 440 nm in wavelength. The refractive 
index of p form Lynn-ized boron layer which makes the 1 st barrier layer 103 was about 3.14 in the wavelength of 440 nm. 
The band gap in the room temperature searched for from the wavelength distribution of a refractive index and an 
extinction coefficient was set to about 3.1 eV. 

[0023]On the 1st barrier layer 103 of the 1 st conduction type, the n form luminous layer 104 which consists of gaHium 
nitride indium (Ga^In^„)(N:0 <=X <=1 ) of a wurtzite crystal form was laminated. The luminous layer 104 formed the 

temperature of the substraite 101 as 800 ** by trimethylgallium (GH3) l^Qa) / trimethylindium (Chig) (giri) / ammonia 

(NH3) / the hydrogen (H2) system-of-reaction ordinary pressure MOCVD method. The indium (In) presentation (=1-X) of 

Gax^n ^ _xN which makes the luminous layer 1 04, In order to make it in agreement [ the grating constant of an a-axis j, it 

was set as the interval (**3.20A) of the t1 1 1] crystal fiaces of the Lynn-ized boron (BP) \A/hich intersects the surface of 
the 1 st barrier layer 103 of a ground 0.10 (= 10%). The refractive index of GaxIni-xN which makes the luminous layer 104 

was about 2,8, and the band gap was about 2.8 eV. The thickness of the n fornn luminous layer 104 could be about 45 nm. 
Existence of Lynn fP) diffused from the 1 st barrier layer 103 side was observed m the inside of the luminous layer 104 

from the ultimate analysis which depends on a general secondary ion mass analysis method (SIMS). It was considered are 
based on not stationing in particular the interlayer for capturing Lynn or boron diffused from a barrier layer to a luminous 
layer in the luminous layer which consists of the 1st barrier layer that consists of a Lynn-ized boron system 
semiconductor layer, and a group III nitride semiconductor layer, and the middle. 

[0024]It depended on the ab o ve-mentioned MOCVD means at 975 ** succeedingly, and n form Lynn-ized boron (BP) 

layer of the zinc (Zn) dope was made to laminate on the luminous layer 104 as the 2nd barrier layer 105 of the 2nd 
conduction type (the 1st working example n form). Dimethyl zinc (GH3) (2Zn)-hydrogen mixed gas was used for the zincky 
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additiQn raw material, the carrier concentration (maiinly concentration of electrons) of undoped n form Lynn-ized boron 

18 -3 

layer into \A^hvieh the z^incky addition was ^rown up at 975 ^ — about — taking an example by being 6x1 0 cm — 

18 -3 

about — it acy usted so thait the carrier concentration (mainly hole concentration) of 1x1 0 cm might be given. 

18 -3 

Therefore, the effectual carrier concentration of the 2nd barrier layer 1 05 became abbreviation 5x10 cm . The 
thickness of the 2nd barrier layer 1 05 could be about 320 nm equivalent to the thickness of the T st barrier layer 103. The 
refractive index of n form Lynn-ized boron layer which makes the 2nd barrier layer 1 05 was about 3.13 in the wavelength 
of 440 nm. The forbidden band in the room temperature searched for from the wavelength distribution of a refractive 
index and an extinction coefficient was set to about 3;0 eV. 

[0025]Next, the surFace electrode 106 which consists of three-layer layered structure of Au-rgermanium / nickel (nickel) 
/ Au which used the side in contact with the same layer 105 as gold and a germanium (Au^^germanium) alloy film was 
formed In the center section of the surface of the 2nd barrier layer 105 of n form. The surface electrode 106 wrhioh 
serves as the plinth (pad) electrode for connection was used as the circular electrode which shall be about 120 
micrometers in diameter. To the approximately whole area of the rear face of p form Si single crystal substrate 101, the 
ohmic electrode which consists of aluminum (aluminum) as the rear electrode 107 has been arranged. The thickness of 
aluminum vacuum evaporation film could be about 2 micrometers. LED 1 A provided with the light-emitting part of the pn 
junction type DH structure which pinched the n form luminous ilayer 104 by p form and the 1st and 2nd barrier layers 103 
and 105 of n form consisted of this. 

[002 6] When conduction of the actuating current of 20 mA (mA) was carried out between the surface electrode 106 and 
the rear electrode 107 in the forward direction, the violet band light vVhich shall be about 440 nm in wavelength from 
LED1A was emitted. Since all of the 1st and 2nd barrier layers were constituted from a low indirect transition type 
Lynn-ized boron layer of radiative^recombination probability, secondary luminescence other than the above-mentioned 
main luminescence was not accepted, but turned into luminescence which is excellent in monochromaticity. Since the 
band gap and the refractive index constituted a barrier layer and the 2nd barrier layer that has arranged luminescence 
especially in the direction taken out to the exterior from the 1st working example using big ^LynnHzed boron rather than 
the luminous layer, From the nearsightedness field emission image, it was checked that the luminous region is covering 
the approximately whole area of the luminous layer 104 except the projection area of the surface electrode 106. 
Extension of the luminous region would be attained, and also the luminosity in a chip (chip) state which depends on the 
window (window) effect of the 2nd barrier layer 105, and is measured using a common integrating sphere will be a 9-mcd 
(mod), and LED 1 A of high luminescence Intensity will be provided, forward voltage (however, forward current = 20 mA) — 
about " it Is 3.6V and reverse voltage (however, reverse current =1 OmicroA) became more than 5V. Forward voltage 
increased by about 0.5 v as compared with LED which makes a barrier layer undoped BP layer which does not add the 
impurity concerning this invention. 

[00273(The 2nd working example) In the 2nd working example, the case where LED of pn junction type DH structure is 
constittrted using the 1 st bairrier layer and 2nd sbarr'ier layer that make conduction type opposite is made into an example, 
and the contents of ithis invention are concretely explained to be the 1 st above-mentioned working example. 
[0028] Although conduction type differs, it Is the same as that of what was shown in drawing 2 . [ of the section structure 
of the composition layer of LED concerning the 2nd working example ] 

[002 9] In constituting LED concerning the 2nd working example, the silicon single crystal which has [1 1 1} sides with n form 
Which doped Lynn (P) was used for the substrate, the surfe^e top of a substrate — (c^Hg) — the buffer layer including Jboron 
and Lynn was grown up at 400 by the sB'^PHg/Hg sy stem-of-reaction ordinary pressure {abbreviated atmospheric 
pressure) MOCVD method. The thickness of the buffer layer could be about 12 nm. 

[0030]It depended on the above-mentioned MOCVD means, and n form Lynn-ized boron (BP) layer of the zinc (Zn) dope 
was made to laminate at 975 ** on a buffer layer as the 1st barrier layer of the 1st conduction type (the 2nd working 
example n form). D imethyl zinc (CH3) (2Zn)-H2 mixed gas was used for the zincky addition raw material, the carrier 

concentration (mainly concentration of electrons) of undoped n form Lynn-ized boron layer into which the zincky addition 

18 -3 

was grown up at 975 ^ — atbout — taking an example by being 6x1 0 cm — about — it adjusted so that the carrier 

18 -3 

concentration (mainly hole concentration) of 1x10 cm might be given. Therefore, the effectual carrier concentration of 

18 -3 

the 1 st barrier layer became abbreviation 5x10 crh . The thickness of the 1 st barrier layer could be about 320 nm 
which gives the reflectance of about 40% to the blue glow which shall be about 440 nm in wavelength. The refractive 
index of n form Lynn-ized boron layer which makes the 1st barrier layer was about 3.14 in the wavelength of 440 nm. The 
forbidden band in the room temperature searched for from the wavelength distribution of a refi^active index and an 
extinction coefficient was set to aibout 3.1 eV, 

[0031] On the 1st [ of the 1st conduction type ] barrier layer, n form luminous layer which consists of the same 

GaQ qqI^q as the 1st working example was laminated by the means of the description ;in the 1st above-mentioned 

working example. 

[0032]After terminating growth of a luminous layer with suspending supply to the MOCVD growth oven of ^Qj^^gGa and 
(CH3) 3ln, promptly, it changed to those gallium raw materials and indium raw materials, and circulation of (q^[^^)2^ and 
Phl3 was started. Temperature up of the temperature of a silicon single crystar board was carried out to 1000 ** at the 
speed of 800 to about 90 **/m simultaneously with the start of the circulation. From this, the 2nd barrier layer of the 2nd 
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conduction type (the 2nd working example p form) that doped tin (Sn) was formed, carrying out temperature up of the 
temperature of a substrate. Tetramethyl tin (CH3) (^Sn) was used for the addition raw material of tin. the carrier 

concentration (mainly hole concentration) of un doped p form Lynn-ized boron layer into which the addltlon of tin was 

19 -3 

grown up at 1000 — about — taking an example by being 1x10 cm — about — it acUtisted so that the carrier 

1 8 -3 

concentration (mainly concentration of electrons) of 6x10 cm might be given. Therefore, the effectual earner 

18 -3 

concentration of the 2nd barrier layer became abbreviation 4x10 cm . The thickness of the 2nd barrier layer could be 
about 320 nm equivalent to the thickness of the 1 st barrier layer. The refractive index of p form Lynn-ized boron layer 
wWdh makes the 2nd barrier layer was about 3.1 3 in the wavelength of 440 nm. The forbidden band in the room 
temperature searched for from the wavelength distribution of a refractive index and an extinction coefficient was set to 
about 3.0 eV. 

0OO33]The surface electrode Which consists of three-layer layered structure of Au-Zn/nickel/Au whldh used the side in 
contact with a same layer as gold and a zinc (Au-2n) alloy film was provided in the center section of the surface of the 
2nd barrier layer of p form. The surfece electrode which serves as the pedestal eJectrode for connection was used as the 
circular electrode which shall be about 1 50 micrometers in ^fiameter. To the approximately whole area of the rear face of 
n form Si single crystal substrate, the ohmic electrode which consists of aluminum as a rear electrode has been arranged. 
The thickness of aluminum vacuum evaporation film could be about 2 micrometers. LED provided with the Ijght^emltting 
part of the pn junction type DH structure which pinched n form luminous layer by n form and the 1 st and 2nd barrier 
layers of p fortn comisted of this. 

|00345V\ifhen conduction of the 20^mA actuating current was carried out tyetween the surfece electrode and the rear 
electrode in the forward direction, the violet band light which shall be about 440 nm in wavelength from LED was emitted. 
Since the both sides of the 1 st and 2nd barrier layers were constituted from a transited [ indirectly ] type Lynn-ized 
boron layer, luminescence secondary in addition to the above-mentioned main luminescence was not observed. In the 2nd 
working example, about 45^nm LynnHzed boron layer grew in the process in which temperature up is carried out to about 
B50 ** from 800 **. Evaporation of indium (In) from the GaQ_9oInQ |oN '»J»Tiinous layer at the time up was 

controlled by this BP thin film layer, and effect was taken by obtaining the luminous wavelength of a schedule by it. In the 
2nd working example, since the 2nd barrier layer that has arranged luminescence as well as the 1st working example in 
the direction taken out to the exterior was constituted from a luminous layer using Lynn-ized boron with a big refractive 
index, it was checked from the nearsightedness field emission image that the luminous region is covering the 
approximately whole area of a luminous layer excluding the projection area of the surface electrode, extension of a 
luminous region is attained — ^M** — the 2nd barrier layer arranged in addition in the direction which takes out 
luminescence to the exterior being constituted from a luminous layer using the big Lynn-ized boron of a band gap, and 
having made it penetrate luminescence efficiently, [ sake and ] The luminosity in the chip state measured using a common 
integrating sphere serves as 9mcd, and LED of high luminescence intensity will be provided- forward voltage (however, 
forward current = 20 mA) — about — it is 3.5V and reverse voltage (however, reverse current =i OmicroA) became more 
than 5V. Forward voltage increased by about 0.5v as compared with LED which makes a barrier layer undoped BP layer 
which does not add the impurity concerning this invention. 
[0035] 

[Effect of the Invention] Effect is taken to bring about the Lynn-ized boron system semiconductor light emitting diode of 
high luminescence intensity which is excellent in the monochromatic ity of luminescence. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original :preclsely. 

2.**** shows the word whieh can not be translated. 
3;In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

Id rawing li lt is a figure sfhowing the refractive index of the Lynn-lzed boron layer, and the wavelength dependency of an 
extinction coefficient. 

[Drawing 2ll t is a mimetic diagram showing the section ^ucture of iUED concerning the 1st working example and the 2nd 
working example of this invention. 
[Description of Notationsl 
1A LED 

101 Crystal substrate 

102 Buffer ^ayer 

103 The 1st barrier layer 

104 Luminous layer 

105 The 2nd barrier layer 

106 Surface electrode 

107 Rear electrode 
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[0 0 0 6] *%BIJJ:. ±IS©«jS«lcfi^lfSPtgM.i5 

X. mmmmm^mmicmmimMctmcim^^ 

[0 0 0 7] 

(1) m^mm^mMMc^ m KDBmB&^^yimm 
20 2 ©e«fF^® y yftiiXS^'WiiiA^p.^^112 ©ptM 

mim^^-fy^-¥^cm^^^x. mi (^wmmt,\ m^m 

mmmmwm^oyyimmm^mm^iim^^ti. 

m z &mmmif. mm^mm^ i i i msfet)*^ 

mm^mBVfcm2(Dmmm(Dmmmmimyimm 
30 m^mwfj^^mf^sn^c t^mkt^^ ^jym^^ 

Fo 

( 2 ) n 1 <Dmm&fpBxm2 mnmBfj'^nmxM 
Ki. ^:i ©^ggfc:»Q-r«m2 ©e«0*«)fce.-r n 

|g^Mtl^7C*fflM»a© I I I V Tzlt V I « 
TxMtL^ m2©ltiiSic^n^^*10fE#f^ 

*fefce.-rp)#?piiti^ I i«t:fc{* I vj^Tc^fct-^ 
^ i:^&#mi;^^i:fe ( 1 :> {cia«® y :^ftflii^i^*aE 

< 3 ) m 1 (DBmBif x^Bxmz (r)mmBifpWrsM> 

40 ® l ©«liMte»r^m2:C>£:»?g^*>fcP>-r p 

a-Ss :®2©ii»iS»fc#)!in-r^ai mimB^^tc 
^•Tnmmmm^ 1 1 as. i vissfcti: v i Stt:* t r 

§ <i i:^#g!(i;-r s±12 (1 * tl3«® y ^fciB^IS* 

Fo 

( 4 :) nf^^tstjA^, mm ( s i ) m ( S n > . itM 

(S) . -tebV ( S e t , -r^PviV < Te t 
50 t- K 



(4) 

5 

(5) pm^miim. mm (O . mm n , -^y 

IJ'^i, <Be) , mm <Zfl) . (C d) 

kr^ym <H g ) Ave.a(f nfc'>^< imv%^^ 

:7i^ 5 X 1 O" c m'* ~ 5 X 1 o " c m"' (DtSH"?fe^ 

micmmmyimm^^wmit^^^-¥. 
(7) wmm^mmmm mocYm mcx m 

mmBo-) 'J :/ffi»^^¥»i*ii;?3^e.*^ii 2 toi^s 
L . a-^KM 1 (Dmrnmicm 2 ® g^j^^ t /c i-^m 20 

B 1 ©»iggtiito-rS^2C>l5*J^*t/c?>Tn 

s^Mt/*7c*iiW#^€) I m. I V:ii$7ci±v I m 

i 9 ) m 1 Cif5»i^;6^ n jit:# 2 Cig««*^' P 

t). S i ®PSSMtisto-r?.ii2®e«5#^fcfcp>-rp 

u fio. ig2 ®»iig:}cM0-r^ii i ®e»E%t /c 
n#^Mtis I I a. I va* ^ V I Mfim t -r 

( 1 0 ) nffj^Mti^s m.m ( s i ,) . m l S n ) . M 

^ :i;S ) . -bV^ ( S e ) . -r ;!/;!/ (T e i fc-tOfVi^" 
t.>"?7A (Mg 1 ;^)^^jS{*'tifc^l/-iS:< i ST^fe^il 

t^#mi:-r^±H2 ( 8 ) sfcii ( 9 ) icia«£Dyyft: 
( ] 1 ) p m^-mmfiK mm < c » . mm ( s i ) , 

UV^ri ^B ei . Slf} < Z Ji ) . <C d i 

isxwK^ < H g I ipi^miintz'}^'^^ < ^ 1 1 

z. t^'wm.tt^iM ! 8 i sfcii ( 9 ' iciamcyy 
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6 

(1 2,) Mi®ltilil43J;tfS2©|$iiS©4^^'y^^T^^^ 
m.t)\ 5 X 1 0" c m" — 5 X 1 0" c m'' ©ffiBT'fc 

^c t^mwitT^iM (7 ) myL (1 1 > m^-rti 

[0 0 0 8] 

li. ii«iy vi;^««^c*iLT#if. §mm . a 

1* Ga, I iif- « - * - / Pi- i As J (0<a^K 

0^;S<K OSy<K 0<a + |S+y^l. 0<5 

< !) . MltM^il. B. A l « Ga, I 111- . -y 
F 1- 1 N 4 ( G < a S 1 . 0 ^ < 1 . 0 i y < 1 . 0 

< a + iS + y ^ l , 0S(5<1) -C^-^5o Sfc. *5iB^ 

i d o u b 1 e h e t e r o : D H ) Ws. 

tf^^jz^mmmtii. n mmi p ^® y yimm^^m 

7^ rMi;iii6Sj ftll*sa't-20(r)itiijiop|. - 
&mm ®^ii 2 (Dmmmt^mt^o m i oe^f » 

/c. ^lcDe«5g*p»t^nif. B2®g*f^{±n^f 
T^JS^So y MCil!««*#ftJSC)|g»Ji?i3:. 3^®*- 
/l/ (Ha 1 1 ) ^S:W^S^V^i:S»-«E (C-V) 

Co 0 0 9] *5gfPi{C#t>§S 1 StfH 2 ©^g/iMCf 

^»«^*»*g®^SmS^ t T 7 5 0 I 
2G0°CAW«. 1 2 0 0°C*jaC^]iSm^ Mi 

:P . Bb P2^®^a»y y&«*^Jgs!c^tig < S:^ 

/c46, y ymm^^mim^m^i^^ 

B-^t^^ ( J . Am. Ceramic Soc. , 4 

7 { 1 ) ( 1 9 6 4 ) . 4 4-4 6 M#M ) , y M 

ft-Ifclifl ( c o m p e n s a t i o n ) T^'^^lffife^ 
^IfD ( d o p i n,g ) LT. WSSthXWt^^^V 

rmmmt^ y ^{fciBig3^*w*)i^#^ c t t-r 

fiftWtS. :n#y >/fciBj|3^¥»f*litcMLT 
ii. r^^f^ (a c c e p t o r > 
t/^^iPLTs r y F-7° < u 11 d o p e ) m^T-:^« 
^^#fe■r«F•:^- (donor j %«M6^lcM«L. m 

mt^^^v rmmco nm^mim^m^. ^tz . p m 



7 

[0 0 1 0] ^mmcmt^. m\ -mt\m203^M m 

-r ^ ic i i mMti^ F - If ^-r ^ agicis e. 
«\ € (D^Mtf^ift i: t T ^ mimoym^^m t - 

y {± . ^ fe * fe r y F - y'Vim-^^^^v rmmcobmrn 20 

a, T>F— T'WS-e^^fl. 5x1 g" cm"' -5X1 

0" cm' m&oy^^^'^rmsM^^^mm^mm 
•^ss . r V F-TT'^teS^it ^ y >fbiim^¥»«:)i 

yrrfiaa. y >fKis«m¥»{*iitDfiScfi©iic> 

(PH.) (Hi ) R)S^#EMO C V O#ST' 

(1. ttfe. 1 0 0 0'C±2 S-'CT-feSo F-K:yi^'C)W 

MtistJ e. y y fM*?s*#*»(o* y rris 

[0 0 1 1] y>'M*^¥»f*SlC»LT. 'ftSW^ 

i s i :) -^S f S n ) V I KtcS^ LT^S 
(S> . -buy (S e) . ■f-'V/b <Te) r^il^Bl^'^ 
IVKTE^tJ;, yyfbii«m*»frtDt!D<©I I 
I - V«{ta-tl*»#{COl^X. #14 ( am p h o t e 

r 1 C I rM^tLxm^t^nxv-^s ifmmn. s 
p ^t'm^m\t(omms'&.Km ( 1 9 

9 1 ^9^1 Q e. *W) igjiit^fT«' . 3 5M# 

BS I ^ I V Kte*^ n S^|ig!t% J: L Tf^ffl -yrS til; , 

y yfta«s*«{*s©i!ciiigs^l^ 1 0 0 0 Gi3iT« 
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m^i^tvxvmmmyvc^ rep) 
y ymm^mwmoMiMimmicmkiL imgix 

^a©ij*®Sa (vac ancy) il 

(c) . (S i ) ^mm^^^. M'&^Mmx^^z 
m^^mi§itt:s>(Dimt^. I i««iS:i:LT-<y y 

(B e ) s ffiiS (Z n) ij^^^l. ( C d ) . * 

m (H g) iinp>oi niTE^t*. 

mimM<. m-^x. ^^mmMS^^'^ym^im^ 
imzmmmoy y ym^mmmmm. ^wm 

[o« i 3] ^^^yrmsMmfi^mmtLxmm^ 

mmt-^mcM^x. ^mmxt,is mmm'^wm^fx 
■r i i iim^^m^^^W'W^mmymm 
^^w^ma- ss^-r i§ c 1 1 -r ^ „ sff s^/tc: 

rim^y"^^^ xmii j ( 1 9 9 5 ^ 3 :M 3 0 B . 

(ft) mmmmmm . 12 sH^Kfj *?ib^©s 

tlTt.^SME::9'y -^71. • ^yPt^l^ * G a x 1 n;-« M : 
0 ^xs 1 ' ^^mmsy ( G a N ) &t>"S{t:-f 
( I n N ) ®ffi|jf 2pi±&^ 2. 5 S.tf 2. 9 

[0 0 1 4] s/c. Mas#s©*»f*®s^i>r#ga-« 

SB^O Tifi^ftf'/N^XMiij . 1 1 1 ^1 1 2M# 



C6) 



^e^^ii?te*»Sfj^- *fetticMti^ ist^* t /c -r 

aPtilLT. nJ^S/cttpJI^tDy ^ffiii* (B P) 

A 1 P M^. fi G a PM^. B N P tg^^l/ ^ tiB A s P 

m^mM^^^. B P^sm*0!i*tf 9 0 % 

]-X±il-r^Bo.« :1 no.io P?fB?B#^M^t:-#«„ -^IS 
tPJ^r^o Sft4 5 0. :3:n mfclittt^y >'ffcii*0 

( = 1,:) as. 1 (= k) li 

mvyimmm^mmim^ . sss im. 

CO i^m#-f -'U7jmmj s 2 8 aMi:) ^ ^tiiiiiTD 

^BmMM^^m(Omitio'V^ K ( G a N : |S?^m= 4 . 

5 1 Q A ) i:i|lW|-eS>'iio c nj; 5. 

©fi PSS^&efiicWf. IS^^X7-r ihicB^a^ 

mwz^ 'i.mimm^o. i e v«i-. ^^ lkuo. 

i-r^MI:>5f y • -(-yiP^J^ (C a i o n) mMs^ 

P>^^S7«»t»L. ^?I"f ©»lfc«fi^f^ 3 . 0 e V 

tt^m 1 «fctt^2©€»fl^©#»{*©y yft:«*il 
ii©v^^^y p>{i. :%)^:&^?.©ii7t^il- 

B|5^jiMt"^lc#ll5aft^ (w i ndow) g^^fe^. 

#ss>&«^-e^'Sfii;t*^a«o ce. ) 3 B /p Ms 

/mmMMSMQ C V DffitcfeoT. iie©^n< © 
-7-^ F/^y F4^-r >^ :7°tt© B P Jlti. JcHaa^^tf V / 

;^^iH©y y{bM^;^#i#ft©«i:^«{i:M^«. S 

m^tmmm.t(^mM (=2 • ^ • k) ©ssft^tt 

(^10 6 3^1 0.3 2 5 0. («> =inf-MMmMM 
1» 8 3 -9 OR#M) .0 

[0 0 16] :^mMimto^vyimmm^mimim\ 
-^^:s>wmmntvr. mm (syv^y^ . v^^t^ 

V ( G a P ) , EJtft:9"y 'i' A ' G a A s ) . 

' ^©Mttimisn^^Jf^t? t § o sig©«s**-r 

I^Hliffi©?5-ffi{±'FPtg-efe^:^)\ Ji i ©pfgii^^-r y >' 

ftii«m^¥f*i^tifi8-r sisrHffi©KPi i: -^-r ^is 
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««is©a«sfflv^rui\ «*g©«ffi{i: 

HstHjc s -s pTK--^ ii 1 1) -mm^m^m^^m.t i^ 
X. *©^sfc> fi»*3. 1 t-rs pff^y>fcfii* 
5bv6%^M 1 c»i^g«. mmm^ 2 . 6 if-sit^)!^ 

ii©G a I n N*v^ S:tfS#*^ 3 . 1 i; 

^§ nfg y ©itii«€)ii'^«S2 

[GO 1 7] Sic. ^mmM2mmmm^-mth 
X. pm^^^mL±^c. mm^¥-^y^\^. m 
mmmimt.m<o^^ y 7ii)t^±i2©«!f3i«iiHfc 

L y 'S:^^ 1 ©ItilS . n 

J^G ax I n,-x mmm^L. ^^)V^ik (Be) ^F- 

X s ^ti p. ©Si: >^ il^teiJ^Pfiic^ iSM^Pt^'S'tiS o 
[0 0 183 tfe. *^W©ll3©ilSI»j®©--Mi:L 

:n:0©ll«14aiS«g>fB»fet{c, aalS^& F-tf V 

;^"L. y Titje^±H2©^[f)i 

^igB tn^ y >i:ii*a*^ e> s n i ©»ii 

mt. ii#G:ax I ii.^x <S n) 

y 2 ©#iiH t ^ jiMi^afis 

*ti6©jii; f)^%g|5«««L. :»ig«M^:^2€) 

j^igpjtiifc^-— ^.y ^7 (Ghm i c:) «M*:i3«LT 

L E ^mms^mm^^^o 

[0 0 1 93 

[Ml #1 ©B«^4: {±S^©^2 ©fi^JK<©?P» 

ife^lD UT. y TflE^aSfcfSS LfcH 1 ©{£» 
»© y yffiiilgmKS^^ia*«l*S:^)-^S S:^^ 1 ©It 
SJS. ^v^^i||2 ©e#J^i:(*gM©S 1 ©g«»©^ 

Mti>&:»LT. 4^-^ yTriig^jiatiasLfcm2 © 

lE»fflJ© y >fM*^HgjlSM*»f*S*^?>%§B 2 

#«M©ii&«jS©«Ttcfts-ii«i'\:«i&&^ftrsa^^^ 

[002 0] 

[*ffiM] (^lUfflM) *S1«MM-Pii. p iift& 
S D H«3i©ll«gP*Wi-r S. 11 2 fc^L/cirBSig 
^*-rS L E D 1 A^{^«^S«#^&fiJfc tT, *5gB;i 

[O 0 2 1 ] L E D 1 A^S)t-rSfcfe/ct). as 1 0 
l icfi. ii* ( B ) F— T'-^-pJ^© M 1 1} IS^sffi* 
( S i > ^^^B^ffifflLfco Sfi l 0 1 ©« 

E±tti.. • C. Hr ) i B /■ P , HySlS^^ff ' US 
MO C V D?£tc J; 0 , 4 5 0 'CT\ «^ y 
50 ^^^ti«)i 1 O 2 ^fiStS^^ifc, M'ffH 1 0 2 ©g 



(7) 

n 

l¥(±lt)2 Q nrntLPz.,, 

[0 0 2 2] a'«iH 0 2Mm. ±ia©MOCVD^ 
micm^s 1 Q 0 :0 'CTii* < S i ) Y-f cDpm^Jy 

pB^ 1 ©ItHB 1 0 3 i: L-ca»^€fco a*© 
gflfcy:. i?^'^^ (s i^M.) 

h ^Titmi vi--wm t vxfmt^ terns 

m 1 1 G 3 ic i^— > L fee lo 

y riis m^^mMM) -tm^ x i o" c 

B 1 ©#iSH 1 0 3 ©naw&^-i' y TMStt^ m s x 

&fi*l5 4 4 0 n m i:-r^«a7ttWL tit 4 0 %CDS 
m^^M-^^m ?. 2 0 n mi LTc. M 1 1 0 3 

^S:-r:p»V>'flJi*Sfflilif*{l;. ISa4 4 O n mfc 
1^1/^1:193 . 1 4l?;^ofcc *fc. BfirS^tm*'^® 20 
?^S0#?&^6^fefeSJS-^©«lh^iigt4^ 3 . 1 e V h 

© 2 33 m 1 «>e»ff ©0 1 «>1^S 1 9 3jfcfc 

^n^^mmm.<Dmm')'^h- 4yi^^h (g a 

X I :n 1-x N : 0^ X S 1 ) b S n BmftS 1 0 4 
:»iL?c„ mtm 1 0 4 ii. H y ;><f-;l/;^rij ( (C 
ftr) . G a) /fy >«g^;U^:^>?^i. <: OC:H. » . I 

0 C V ^mcm . »« 1 0 1 ©i^if* 8 0 Q "Ct LT 
iglSLfco 1 § 4 %iftf-G :aj I n.-x N^-O;^" 30 
■^i. < I n ) IM ( = 1 -X) ii. TSt!®^ 1 ©Its* 

1 0 3 ©^ffitcxM-r^ 'J MM* (B P ) © ! l 1 

1 i ^:B^in©r^fil ( ^ 3 . 2 0 A ) tc. alSCi^Sf^^l^ 
5b^-ic-rSj;9{i:'r^fc&tc. 0. 1© (=1 0%) 
fS^Lfc. ?i7tel r0 4^^5:-rG ax 1 m-x N©Mff* 
Ii:fg2. S-efef). ^fzm&Mm^mz. S eV-^-S-s 
tc, nS^am 0 4©M0i3:*54 5 nrnfeLfc, S 

1 oamtt^mMbrmz'^y (pj ©#s#Mfe-sn 40 
re. u y{fci8^^*»;W*^5.^§m i (ommmt i i 

I ift gf ttl¥»ft)i io^^ S ^ 5S «B ii * Pal ! c . mMS^ 

h^^m^umt^ 'J >'^i/HiM*^jfii-rsfci6©* 
[0 0 2 4] m^m 1 0 4 itti. f itiE# 9 7 5 

±ia©MO C VD#IStfef^ . ffiiS ( Z n^ F-7°©n 

mvyitmm < b p > a^igz ommB **B ! 

n om 2 ©^SB 10 5 i: LxaS^tirfc: 
Mra©rSAi])g|^t{J;. v ^^/USH < < CH; > . Z m 
-7j<|g?1^59"X^«fflLfc,, ffiiS©iill:Hft(i;^ 9 7 5'C 50 
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iiJfi {Me«f^g*) *s||6X 1 o'* c m" VM^C t 
izm^. X 1 o" cm" ©4^-^ry TMS *itiE?L 
^^^SSItcWSL/c. S-^T, ^2©ltilSl 
0 5 ©*?il6^&+i' y r iiftli. 19 5 X 1 o" c m"' k 
^^tco m2 :©3^1S« 1 G 5©®*}*. B 1 ©If 1 

0 3 ©Ji)Si:!SIW©lxl3 2 0 nmt L/co ;^2 ©ItiSS 

1 0 5^%r nf^y yfeiiSlB©^!!*}*. ig&4 4© 
:nm:fcS^V^t»3. 1 3-eife-:>rc» tfev mf^tMm. 

CO 0 2 5] mc. n#©m2©ie®»i o 5 ©as© 
mm i 0 5icg»-rsiij^^ • ^i/-^--^?!^ 

(A:u • Ge) ^^tLtz. Au • Ge,'^'y^;V 
(1^ i :) XA u© 3»*»«3i*^5^S^B«Sl Q 6 

rco s^. pjf s ism^mmi :o;i ©«B©Ji^Bfc 

1 0 7 LTy^^5=^'3'^ ( A 1 ) 
i'WS^iaaLfc., A 1 ^«Si©K*«±l52 

%oM\ S-CJ-B 2 ©;^ilH 1 0 3 . 1 0 5 -eftJt Lfc p 
n«#S:D H«m©:^*gP^&»^fe L E O 1 A^&«^L 

[0 0 2 6] ^ffi««l 0 6 i:«ffi«@ 1 0 7 t-OyWiC. 

fctZ^s L E D 1 Ai)VC>Mfi^l54 4 0 n m il-T^W 
m#7t*^5S-<i6*afco m 1 S:t?lg2©ISii)l©Mn^ 

fc. al^slg#iS*©ffiv^^e1sa#s©y yimm^ 

t/>fc%7SSl 0 4 ©B§^ffifcH^i:vv2>©fe^ffiE?*l 
fc„ $fc. ll%M«©«miWS:rLfeJ:lc. g2©g 
HM 1 0 5 © y F <> f w i n d o w > xfj^fcic *3 . 
--«65#ai3W*fOTL-CSiM$4aSf--y 7° ( c li i 
p) 1^T©»S« 9^ y :i?J>-r^ ( m c d ) tiS:^ . 
i«%7t?Sie©L E D 1 A^^MftSriS C il t ^Sr^ fCo £ 
/c. Illl;tlq]«ff (fit. WCfo^mM=2 Q:mk) \m 

3. evTfeO. ji?^[H]«i± (fau 3ffi»:iti«?^= 1 0 

t3S^Mtl^)ii!jatfti/v, TV F-7''©B PS^Kim 
-r S L E D fcibii LT. IS 0 . 5 V@lt©iMi)0 i: 4 o 
re, 

[0 0 2 7] m^WMm^ *:S2*»MT!i;. i-fS© 

® 1 wmmmmB^uMt-t^^w. i ©itiiSRff^ 

2 ©ltiiB«»t/^Tp ng&fflD H«3a©L E D^&Sfig 
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«... 

[0 0 2 9] *l|2 UliMfc^^ L E D^Sifr^tCfe 

ffi) MOC VDiSiCcfct). 4 0 o°CT\ a^^y^J;^ 10 
Lfco 

[0 0 3 0] M»li±fc{j;. ±fg®MO:C V D^gtS 
9 7 S °CX^ii ( Z n ) F - ::^<0 n # 9 MM* 

^mi^mmmt Lx^t-^it, mmmimmmc 

a. i^.?<^;i/MS& ( (CHv) 2 Z n) -mm^-ff:^^ 

:«> ::*^a6:x 1 O'* cm" -e^^Httcm^. Iil 1 X 1 20 
O" c m"' (D^^VrmiS. l^lCiEJUtt^} 

0 %ffyMM^^^^^m3 2 0 n m il Lfe. J| l ©itil 

[ 0 3 1 ] B 1 (BBmB<Dm 1 ©!lt^M±fcli:. ±|E ::3G 

G 30.30 I 110.10 n-^liTfeg^&ftMUfco 
[0 0 3 2] ^?KSC>icS* (CHs;) 3 G a&CF (CH 
3 ) 3 I :n ©MO e V D:JSfir'\'0#i|&%|f±-r«ili:^ 

®S)S^ 8 0 Q^cfy'^mM 9 0 "coaitT 1 0 0 0 °c 

(S n ) * K-ey^fL.fc^2©gSi0 <*^2lliS#)] 40 

-eii. pff$) ©l|2 Ci|tliS^ff^)5ScLfco W,(r)mi!mM 
fctt. -r h^^f^*^ ( I C H. ) . S n ) ^ffifflLfc. 

^©fitoati, 1 0 0 0 'c-ejtfi^-&fcr > f-^v:) p 

X I o" c m" -efe^d |<J6X 1 0" c m" 

mA>'\ 0" c m" i^ofc. B2cr)^iili©lil¥(l:. 
H 1 C>Biili03lir#i^ IrI^WIvj 3 2 0 n L/c Ig2 

cog ns^^-r p y ^fta^Hcjai/f^ti^ ?&g 4 4 50 
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e V i: ^ -:) /-- . 

[GO 33] :pB©l|2C>.^ilBC>:aa©4'5fesPt{4. 

:;rasfc»i!6-r«ii^# • mm < a u • z n ) ^^^i: l 

fc . A u • Z n / N i /' A u £D 3 liafi1i3fi*^ e> >S;S a 

a. 5 0 :/i:m^;-rS:PI3^€)«1ii:Lfc« t 

It. raff s i *SB:^«S©«B€>liifeafc;ti;. 
ilLTA I A^P.&«:t-;i-y5'«ffi^ia«Lfc,, A I^ 
««<©MJ?i±il2 :/imi:Lfco iin<fc?3. nIfmM* 

^SD HSii©%7tgP%liK.rc L E D ^«Jt L/co 
[0 0 3 4] *ffi«gi:«ffl«i:©PB'!tfii^(Rlfc2 0 

m Mmwmm^ma.it t c 5 , l e b ;<3^ 5&ft*i9 

4 4 0 n m 1r:i>Wm^^M^^^Hft. W, 1 2 
*l|2 llliM-p{J;. 8 O O 'C*^P>I§ 8 5 0 

°acmuiti^^@mcm^x. m4 5 nmtDyyfM* 

tlfco ^fc. *m2|ISSMt:-t3:. «l «»J^MD<s 

g * 0 mibmm^D:^^^ y > i ^riifiic t 

mk. mu liK73lflj«^=2 0iiiA:) 
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